Glycerol is a key compound in the regulation of several metabolic pathways in Saccharomyces cerevisiae. Most of the genes from this yeast involved in glycerol consumption, production and transport are now available. Some of the mechanisms involving glycerol metabolism and transport are common to other yeasts. This work presents a search for GPD1/2, GUT1, GUP1/2 and FPS1 orthologues. All the genes hereby cloned presented a high degree of similarity to S. cerevisiae's and were able to complement the correspondent mutant phenotypes. A phylogenetic analysis is presented. The allocation of GUP genes in the MBOAT family is suggested as more consistent than the inclusion in the TC-DB/Glycerol Uptake family.
Introduction
growth from salt stress, when small amounts of glycerol are present in media, besides glucose as carbon source, while its over-expression does not lead to enhanced growth in the same medium (Fig. 3 ). As it is also known, S. cerevisiae GUP2 does not complement gup1 phenotype. For this reason it can be assumed that the GUP-like sequences hereby cloned are GUP1 orthologues. Actually, in the case of C. albicans, only one GUP-like sequence is present in the correspondent Genome Data Bank.
In the case of FPS1-like ORFS, the phenotypic complementation analysis was done based on the role of Fps1p in the exportation of glycerol during hypoosmotic shock. The assays were performed using cells pre-grown on 1 M sorbitol and plated on YEPD. fps1 strain takes much longer to recover from shock [17] . All the putative orthologues could restore partially the wild type capability to recover from hypoosmotic shock (Fig. 4) .
Summarizing, it can be said that all the cloned genes are able to do heterologous complementation of the S. cerevisiae strains deleted in the respective gene. No clear phenotypic differences were observed using of a centromeric or a multicopy plasmid (not shown), except for the KtGPD (Fig. 1) . These results suggest that these genes might encode functional homologues of S. cerevisiae correspondent proteins, but do not necessarily prove that their function is the same in the original species from which they were obtained (see Discussion) .
Southern blot analysis
In order to complete this study, including all the chosen genes (GPD1/2, GUT1, GUP1/2 and FPS1) from all the yeasts mentioned above, we proceeded with a different methodology to find the sequences which were not available, not even partially, in the data-bases. Furthermore, we included in the series of yeasts to use, D. hansenii and C. halophila. Probes were designed for all the genes mentioned. In the case of the GPD1/2 it was chosen a highly conserved region in what concerns the alignment of eight sequences encoding glycerol 3-phosphate dehydrogenases from very different organisms (not shown).
In what concerns the other genes probes, identical procedure was not possible due to the inexistence in the literature or in databases, at the time this work begun, of enough sequences from similar genes.
Southern Blot was made using two sets of genomic DNA, one partially digested with Sau3A and another digested with EcoRI. Controls were made using S. cerevisiae gDNA.
All probes gave a good signal in S. cerevisiae as expected (not shown). GPD1 probe was positive in all strains. FPS1 probe gave a positive signal in Z. rouxii, K. marxianus and K. lactis, as expected by the results above presented, as well as in K. thermotolerans and P.
angusta. The signal was negative in C. halophila, P. sorbitophila, D. hansenii, C. albicans and C. tropicalis. GUP1 and GUT1 probes did not present any detectable signal in any strain, at any of the hybridization temperatures used, maybe because they correspond to genes sequences less conserved. Being so, further efforts must be made to elucidate the presence or absence of these genes in the used strains.
From the positive results, we chose C. halophila GPD putative sequence to follow. The reason for this choice lays in that glycerol 3-phosphate dehydrogenase from C. halophila has been reported as being able to utilize both NADH and NADPH as co-factors [59] . Two parallel gels were run, one of which was used for Southern hybridization. Fragments of digested gDNA correspondent to the hybridization results were gel-eluted and ligated into the shuttle vector p423GPD. The mini-library thus obtained was tested for complementation of the S. cerevisiae double mutant gpd1gpd2. Several clones were able to complement the phenotype, nevertheless the attempts to sequence these were unfruitful, apparently due to plasmid instability in E. coli. This has been reported before for P. sorbitophila, another halotolerant yeast also used in this work [60] .
Sequence analysis
Alignments of the genes cloned in this work and the correspondent ones of other yeasts available in databases were done using the Clustal (Supplementary Data) and Multalin programs. The programs use different algorithms, and so, small differences could be found, exclusively in the regions with lower similarity, but these were considered non-significant.
Clustal was chosen to proceed. Identity/similarity matrixes were done (Supplementary Data).
The deduced amino acid sequences of GPD1/2 from different strains showed a similarity/identity that varied from a minimum of 47.9/ 36.9%, between KtGPD (this work) and Schz. pombe GPD2, to a maximum of 99.7/ 99.5% between S. paradoxus and S.
mikatae GPDs. Between all the data some particular comparisons are relevant. The Saccharomyces sensu lato GPDs showed the highest identity/similarity among all, being S.
castelli's the one that is more distinct from this group. Z. rouxii GPD1 and GPD2 are very close to Saccharomyces group correspondent GPDs. Furthermore, GPD sequences of S. cerevisiae, P. angusta and K. thermotolerans share approximately 60 % identity.
For GUT1 the highest similarity (96.2% between S. cerevisiae and S. paradoxus) is once more among the Saccharomyces species, being S. castelli the most different. PsGUT1 is more similar to C. albicans (76%) than to S. cerevisiae (50.5%) orthologue.
Continuing with GUP1/2, the Saccharomyces sensu lato group presented the highest similarity/identity for the deduced amino acid sequences of those genes, being S. castelli once more the most different, and S. paradoxus and S. mikatae the most similar -96.6% similarity. P. sorbitophila Gup1p was shown to be 70.7% similar to C. albicans Gup1p, and only 60.5% similar to S. cerevisiae Gup1p, 51.1% to S. cerevisiae Gup2p and 43.5% to Schz. pombe Gupp. C. tropicalis Gup1p was shown to be 72.2% similar to C. albicans homologous protein, 68.7% to ScGUP1p and 56.6% to ScGUPp2. CaGUP1p is more similar to ScGUP1 (65.1%) than to ScGUP2 (54.1%). These data reinforce the above modifications and thus influence glycerol transport indirectly. Any of these hypotheses would be more compatible with the predicted functions of MBOAT members than with a transporter function.
To further evaluate the inclusion of GUP1 and GUP2 in the MBOAT family, a phylogenetic tree was built, using several complete ORFs belonging to the clusters or families mentioned above and belonging to different organisms (Fig. 6 ). Gup1p/Gup2p-like sequences are clustered together, but not distant from other clusters. In spite of the high degree of similarity between GUP1 and GUP2 [16], Gup2p-like sequences group together and so do Gup1p-like sequences (Fig. 6) . Clustering may reflect some functional differences between proteins, but it can also be due to the fact that phylogenetic closeness of proteins is largely determined according to the phylum of the organisms of origin [33] .
Thus, since all the Gupp included in this tree belong to yeasts, it increases the probability of them clustering together. With the data presently available, we consider that the allocation of GUP genes in the MBOAT family appears more consistent than in the Glycerol Uptake 
